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CONVERSION OF AMINE- TO CARBOXYL GROUPS ON SOLID SURFACES 

1 . Nature of the Invention 
Field of the Invention 

This invention relates to methods of the chemical modification (carboxylation) of solid 
surfaces and their subsequent use for the attachment of amine-containing molecules 
including DNA, proteins and other polymers. 

Prior Art 

A variety of methods have been reported for the covalent attachment of biomolecules 
(including DNA and proteins) to a solid surface (such as glass slide, fused silica, gold 
and silicon wafers). Typically, such type of immobilization involves the reaction of an 
active functional group on the biomolecule with an activated functional group on the solid 
surface. Other reactions, such as UV cross-linking, can be used for covalent attachment 
but are not functional group type-specific. 

For silicon oxide based surface, the functionalization is performed by coating with a 
Afunctional organosilane, i.e., organosilane having a first functional group enabling 
covalent binding to the surface (often an Si-halogen or Si-alkoxy group, as in -SiCI 3 or - 
Si(OCH 3 ) 3 , respectively) and a second functional group to react with the functional group 
of a given biomolecule (often an aldehyde, amino or carboxyl group). Interestingly, the 
functional group (introduced by the silanization step) can be modified by using single- or 
multi-step synthetic procedures to provide a wide range of reactive groups on the 
surface, such as N-acylimidazole, 2- or 3-bromoacrylate, cyanuric chloride, disulfide, N- 
hydroxysuccinimide ester, hydrazide, iodoacetyl, imidoester, isocyanate, isothiocyanate, 
maleimide, succinimidyl carbonate, suitable for further reactions with biopolymers under 
the mildest conditions possible. 

Alternatively, the derivatization of gold surfaces (which is not possible by silanization) 
requires the creation of a multilayer structure (starting with mercaptoalkanoic acid) which 
adsorbs poly(L-lysine) electrostatically. Subsequently, chemical modifications of the 
amino side-chains of this biopolymer provides a suitable support suitable for covalent 
bonding of biomolecules. 
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However, the known procedures present a major drawback: the almost exclusive use of 
Afunctional cross-linkers for surface activation dramatically affects the surface properties 
(loading capacity, charge, hydrophilic or hydrophobic character) and thus the quality and 
performance of the resulting biopolymer-arrays. Indeed, it is difficult to avoid the side- 
reactions of reticulation and hydrolysis of such crosslinking agents occurring during the 
synthesis process (functionalization of the solid support, storage, or during the 
immobilization of biomolecules) which significantly decrease the loading of the support. 
Alternative methods which involve either the in situ synthesis or the attachment of a 
preformed dendrimeric linker to the surface enable to increase both the reactive group 
loading and biomolecule density. However, such derivatizations require multi-step 
reactions which are often time-consuming and use unstable reagents such as 
chlorofonmates and acid chlorides. These reagents are not compatible with use in closed 
volumes, which prevents use of such derivatization methods in microfluidic devices. 
Furthermore, the functional group density (and the biomolecule density) also controls the 
number and the nature of charges eventually present at neutral pH on the surface. 
Dependent on the type of biopolymer-array, this could strongly influence its 
performances especially by enhancing the non-specific binding of biopolymers. 

Consequently, a significant amount of batch to batch variability is obtained. This is often 
not acceptable because there is a significant impact on the accuracy and reproducibility 
of quantitative determinations. For such determinations, it is important to be able to 

prepare arrays that show consistency in i the performance of the array particularly from 

one batch to the next. 

The present invention is directed to the aforementioned need in the art and provides a 
new method of obtaining a high density, reproducible and uniform coverage of a surface 
while avoiding the aforementioned problems and difficulties associated with the 
procedures in the art 

i r o\ r«fo-cC£ of th r 3 inyemfcnr 



organosilanes bearing protected carboxylic group and their deprotection as mode of 
introduction of free carboxylic groups to the glass surface. A further object of the 
invention is to provide a method for the selective attachment of molecules to such 
patterned surfaces. Further objects will be apparent from the subject matter of the 
claims. 

(c) Brief description of the Invention 

The above technical problem is solved by the provision of a compound of the general 
formula (I) 



wherein at least three of R, to Re are, independent from each other, selected 



-(CH2)„-(C-0)-X-Y-Z, and the remaining R groups are H; or R, and R 2 form a 
ring, preferably an anhydride; 

X is a group selected from Ci-C 10 alkyl, C,-C 10 alkenyl, a Ca-Ce cycloalkyl, aryl, 
heteroaryl, or a polyethylene glycol chain of the general form (CHrCHz-O)^, 
wherein m is an integer from 1 to 450, or X is a bond; 

Y is a carbonyl group, or a bond; 

2 is OH or an electron withdrawing group; and 

n is an integer from 0 to 10. 
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The above compound is useful in methods for surface modification. The method 
described herein replaces traditional glass silanization by organosilane molecules 
bearing protected carboxylic group by direct carboxylation of aminosilanated glass. 

The present invention provides a highly efficient and fast method for glass carboxylation 
making use of activated carboxylic acids in the presence of commonly used bulk 
catalysts. The method presented herein allows for cost-effective scale up of glass 
carboxylation avoiding the need for the deprotection of siloxane films and, therefore, film 
inhomogeneities which might result from such deprotection. 

Carboxylation of solid surfaces according to the present invention is not limited to glass 
but can be extended to amine-terminated polymers, metals, semiconductors, insulators 
and other solid supports. 

Carbodiimide-mediated DNA grafting on carboxyl-terminated glass prepared according 
to the present invention allows one to obtain high surface densities of 5-aminated DNA 
primers. In a preferred embodiment, such high densities permit achieving efficient solid- 
phase DNA amplification and generation DNA colonies. 

(d) Advantages of the Invention 

, Chemical modification of glass surfaces becomes increasingly important- in light of its 
applications in various fields of chemistry, biology and medicine. Glass is known for its 
relative inertness in respect to biomolecules, excellent stability in a wide range of organic 
solvents and high optical transparency in the visible range. However, in general, 
chemical modification of glass surface is considered as more demanding than that of 
noble metals relying, for example, on self-assembly. One of commonly used methods 
for the chemical modification of glass is based on its silanization. Organosilane 
molaculs used to silsnizs glass surfaca contains st ona of its eHtrarnrtiss a functional 
group reacting wiih the glass surface (Si-bsarinq moisfr) while, si the other end. a qraup. 



may be catalyzed by common bulk catalysts and are usually fast and relatively robust. 
Preparation of highly carboxylated solid surfaces is of special interest to many 
technologies in the above mentioned fields. 

Because of the very low stability of certain organosilane molecules towards hydrolysis, 
the functional group to be used for the attachment DNA (or protein) to glass is usually 
present in "protected" form. Typical example of the latter being acetoxypropyl- 
trimethoxysilane. Under specific conditions, this organosilane molecule is allowed to 
react with hydroxyl-terminated glass surface and form COOEt-terminated siloxane film. 
However, deprotection of the surface ester film and formation of free carboxylic groups 
requires prolonged glass treatment in strong acids (i.e., 50% H 2 S0 4 in ethanol, 12 
hours). This often leads to only partial deprotection of surface ester groups and, in 
addition, might lead to some damage of the siloxane film (hydrolysis). In order to avoid 
such problems, we have developed a novel approach to glass ca'rboxylation based on 
chemical derivatization of aminosilanated glass by organic carboxylic acids. 



Reactivity of amines with activated carboxylic acid is well known in prior art and is 
exploited in organic synthesis, chemical modification of proteins as well as in the 
chemical modification of solid surfaces. One of common strategies in the case of glass 
modification is to treat aminosilanated glass surface with a so-called "bifunctional linker- 
possessing on one end of the molecule the activated group capable of reacting with the 
surface amino groups, while the other extremity is available for the reactions) with 
solution species of interest. Covalent coupling of biomolecules to the glass surface 
modified with bifunctional linker normally proceeds in a two separate stages. In the first 
step, silanized glass is reacted with the reagent forming a monolayer (or sub-monolayer) 
which introduces to the glass a certain reactivity towards solution species (i.e., DNA. or 
protein). In the second step, immobilization of the solution species to the activated glass 
surface can be achieved either spontaneously and/or thermally, photochemically, or by 
other methods known in the art. The main disadvantages of activated "bifunctional 
linkers" are: relatively low chemically stability of coupling reagents towards hydrolysis, 
relatively high cost, slow reaction kinetics and relatively high bulk concentrations of 
solution species required in order to drive the immobilization reaction on solid surface to 
its completion. Another disadvantage of "bifunctional linkers" is that aliphatic acids 
having -COOH group at both extremities of the aliphatic chain are relatively flexible so 
that both of the activated carboxylic groups may react with the amine-terminated surface. 
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This is likely to introduce a certain degree of hydrophobicity to the solid surface and 
could lead to decrease in the amount of free carboxyl groups available for the covalent 
attachment of biomolecules to the solid surface. 

The present invention is based on bulk catalyst-mediated covalent attachment of "tri- 
functional linkers" based on tricarboxylic acid to the aminosiloxane-modified glass 
surface (Figure 1) followed by carbodiimide-catalyzed immobilization of amine-containing 
DNA to the glass surface (Figure 2). Preferred aromatic trifunctional compounds used 
herein are benzene-1,3,5-triacetic acid (BTA) and trimesic acid (TMA). The main 
advantages when using these aromatic molecules over aliphatic bicarboxylic acids is 
that even though two carboxylic groups of the aromatic linker molecule may react with 
the surface amino groups, one -COOH would still remain available for the immobilization 
biomolecules to the solid surface. One important advantage of the present invention is 
the fact that it relies on bulk catalysis for both, glass carboxylation as well as covalent 
coupling of the aminoalkyl-substituted DNA to carboxyl-terminated surface. This in turn 
results in a more robust chemistry as compared to classical methods relying exclusively 
on the use of Afunctional linkers. 

Conversion of amine-to-carboxyl-terminated siloxane surface according to the present 
invention is ideally suited for grafting the aminated DNA in microfluidic devices. In this 
respect, BTA-modified glass represents apparent advantage as compared to aldehyde 
" cnemistry - requinng ~ ooronyafiae reuUGuun- ausp, wmwrwauo- ivmi—ii — • - 

hydrogen bubble (not compatible with reactions taking place in closed volumes). 

Yet another advantage of BTA-derivatized glass is relatively high specificity (> 80%) of 
DNA grafting via 5" amino end. In this respect, BTA performs better than 
phenelyneisothiocyanate (PITC)-modified aminosiloxane glass. The surface densities of 
grafted 5'amino-DNA on BTA glass exceed greatly those obtained on maleimide (MBS)- 

or FiTC-rnouffied aminosiloxsns glass. This \z cspodsliy important for sppiicsiicns 
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(complex-complex recognition), for the immobilization of optically active molecules and in 
the solid phase synthesis of DMA and proteins. Carboxylated glass slides may be 
exploited in the solid-phase DNA amplification, DNA sequencing, construction of DNA 
chips, protein arrays and various types of sensors with applications ranging from every 
day life to medicine. 



Solid surfaces chemically modified according to the present invention can be used to 
modrfy physico-chemical properties of solid surfaces including their surface tension 
surface charge, index of refraction, linear and/or non-linear optical properties surface 
conductivity, chemical resistance of the material, and others. Carboxylated glass beads 
can be used for separation of molecular and ionic species (in ion-exchange columns) 
and, importantly, are expected to show increased chemical stability in organic solvents 
as compared to carboxyl-containing polymers currently used for such purpose 
Positively charged molecules may interact electrostatically with negatively charged 
carboxylated surfaces and, therefore, can be pre-concentrated on solid surfaces (for 
example, metallic electrodes) for their subsequent analytical detection (for example for 
in vivo monitoring of neurotransmitters in brain, and others). 

Carboxylated glass, and other carboxylated substrates prepared as described herein 
may be used for the covalent attachment of biomolecules including living cells and their 
constituents such as proteins, DNA, peptides, vitamins and others. Patterned -COOH/- 
NH 2 or -COOH/-OH glass surfaces prepared as described below can be designed to 
brnd preferentially certain species having complementary charge to the ionized groups 
present on the surface. Such mixed monolayers might be used for tuning of the strength 
of electrostatic interactions between a given biomolecule (DNA, protein and others) and 
chemically-modified solid surface. Mixed films having varying surface charge but 
perta,ning still very high degree of hydrophilicity may find applications in the construction 
of microfluidic devices relying on separation of molecules depending on their size and 
charge. For example, as described in the present invention, carboxylate-terminated 
glass surface may be diluted with terminal hydroxy! groups. This in turn should affect not 
only the efficiency of catalyst-mediated covalent coupling of a given biomolecule to a 
glass surface but also its adsorptivity at the solid/liquid interface. It is well recognized 
that the adsorption of a given biomolecule will be quite different on -COOTNH 3 + as 
compared to -COOV-OH modified glass surface. 
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Derealization of aminated surfaces according to the present invention can be extended 
to conducting and non-conducting surfaces such as metals chemically modified with 
amine-terminated monolayers (or multilayers), electronically conducting polymers, 
insulating polymers, and others, providing these contain any reactive groups capable of 
reacting with the activated carboxylic group(s) (i.e., esters, acyl halides, and others). In 
the latter case, polymers having modified ion-exchange properties, electronic 
conductivity, solubility in water (or some other solvents), having novel optical and 
mechanical properties may be prepared. 

Some other applications of carboxylated solid surfaces are in the surface catalysis, for 
example, in the solar energy conversion (fixation of dyes on semiconductor surfaces), in 
the modification of amine-terminated thiol monolayers on metal surfaces, or in the 
attachment of colloidal particles to various solids forming the covalent bond. 

It is recognized that the subsequent chemical modification of carboxylated surfaces can 
be used to introduce to solid/liquid or solid/gas interface wide range of physico-chemical 
properties and can be used for numerous applications which will become more clear 
from examples described in the present invention. 



i eaend to Figures 

Figure 1 shows the main steps in the preparation of BTA glass. 

Figure 2 shows the main steps in the EDC/Melmz-catalyzed immobilization of DNA on 
BTA glass. 

Figure 3 shows the fluorescence signal due to the covalent coupling of the amino-Texas 
Red to carboxyl-terminated BTA slides. ATS represents staining of aminosilanated slide 

(negative control). Time of tha..carbo:cylaiion of ATS slides by BTA(NHS)2 COOH is 

jpgteaj ir-fr? ftpjre. Signing: aarinc-TSSa* \?,-* w m P* ai j-irSQF p« 



Figure 5 shows the amino group of NBD-NH2 reacting with BOP-activated carboxyl 
group on BTA, which results in covalent attachment of the fluorescent dye to the glass 
surface. 



Figure 6 shows an example of staining of aminoslianized (ATS) slides with 4-fluoro-7- 
nitrobenzofurazan (NBD-F) and of BTA slides with (7-nrtrobenzo-2-oxa-1 ,3-diazoW- 
yl)ethylenediamine (NBD-NH2) with corresponding negative controls. Fluorescence of 
NBD-modified slides was measured in the air. 

Figure 7 shows three successive hybridizations (A, B, D) of the Texas Red-labeled 
reverse-P1 primer (500nM) shown for various bulk concentrations of 5' amino-10T-Pl 
primer (34-mer) grafted on BTA glass. Texas Red-labeled primer (hatch shaded) having 
a non-complementary sequence (C) did not hybridize to the grafted primer. 

Grafting conditions- 10mM EDC/ 10 mM Melmz (50°C), 1 hour. Background subtracted. 

Figure 8 shows the concentration dependence for the grafting of 5'amino-10T-P2 primer 
(34-mer) on BTA glass. Grafting conditions: 10mM EDC/10 mM Melmz (50»C)/1 hour 
Hybridization: 500 nM reverse-P2-Texas Red in TMN buffer. Experimental data points 
are connected with a solid line to guide the eye. Background subtracted. 

Figure 9 shows the hybridization signal for 5'-amino-P2 primer grafted on: 
A) BTA glass (BTA #1-4. black) B) aminosilanized slides reacted with phenylene 
.sothicyanate (PDITC #1-4, stripes) and C) commercially available carboxyMerminated 
slides CAB-25C from CEL. Associates (CAB #1-4, white). Grafting conditio- 0 M M 
primer, 10mM EDC/10 mM Melmz, ,50«C/1 hour. Hjibridizatfon: SOOnM reverses- 
Texas Red. Background subtracted. 

Figure 10 shows SYBR Green l-stained thermocycled DMA colonies formed in all glass- 
made microfluidic device derivatized with BTA. Channels of the chip were 
am.nosilanized, reacted with active ester of BTA and hydrolyzed to form highly 
carboxylated glass surface. 
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Grafting conditions: 300 pM 5*-amino-Px, 700 pM 5'-amino-Py. 
Template: 50 pM 5'-amino-Template (359 bp). 
10 mM EDC/10 mM Melmz, 50 °C/30 min.. 

Amplification: 0.025 U/ul Taq DNA polymerase (Amersham), Taq buffer (1x). 200 \M 
dNTP, 1% DMSO, 1M betaine (40 cycles: 95 °C/45 sec, 58 °C/90 sec and 72 C/90 sec). 

Staining: SYBR Greenl (diluted 10000-fold) in TE buffer/10 minutes. 
3. Detaiied Description of Invention 

The methods of the present invention provide derivatization methods for the conversion 
of amino groups to carboxyl groups on solid surfaces. The methods of the present 
invention further provide for chemical methods allowing to quantify the efficiency of such 
conversion. Specifically, the carboxylation of the surface is achieved by coupling an 
organic molecule containing two, three, or more carboxylic groups (polycarboxylic acid 
derivative) to the amino layer. Such reaction requires either the use of a reactive 
derivative of polycarboxylic acid (i.e., anhydride, acyl halide or active ester) or a coupling 
reagent (such as carbodiimide, uronium or phosphonium salt) which formally acts as 
dehydrating agent between carboxylic acid and amine by generating highly reactive 
intermediates. 



The linker of the present invention is a compound of the general formula (I): 




R3 



(I) 

wherein at least three of R1 to R 6 are, independent from each other, selected 
from / 

-(CH 2 ) n -(C=0)-X-Y-Z, and the remaining R groups are H; or R, and R 2 form a 
ring, preferably an anhydride; 

X is a group selected from C r Ci 0 alkyl, Ci-C 10 alkenyl, a Cs-Ca cycloalkyl, aryl, 
heteroaryl, or a polyethylene glycol chain of the general form (CH2-CH2-0) m , 
wherein m is an integer from 1 to 450, or X is a bond; 

Y is a carbonyl group, or a bond; 

Z is OH or an electron withdrawing group; and 

n is an integer from 0 to 10. 

Preferably, for the at least three of R, to Re n=0, and the remaining R groups are H, 
more preferably, the at least three of R 1 to Re are R,, R 3 and Rs. 

According to a preferred embodiment for the at least three of to Re n=1 , and the 
remaining groups are H, more preferably, the at least three of R t to R 6 are R 1t R3 and R5. 

Preferably, for each of the at least three of R^ to R 6 n is an integer from 2 to 5, and the 
remaining groups are H, preferably, the at least three of R, to R 6 are R,, R 3 and R s . 
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Z is OH or any group that activates the carbonyl towards nucleophilic displacement by S- 
NH 2 without being incorporated into the final carboxylated surface. 

Typically, Z is a good leaving group, selected so as to make an activated derivative of 
carboxylic acid. Z is optionally an anhydride that links two adjacent carboxylic acid 
functions (only possible when n = 0 and both X and Y are nothing, see general formula 
II) or an halogen atom (F, CI, Br) yielding highly reactive derivatives. 




Z is alternatively cyanomethyl, hydroxysuccinimide (or its sodium sulfonate derivative, 
NHS or sulfo-NHS), hydroxyphtalimide, hydroxypiperidine or phenol (that is further 
substituted by at least one strong electron withdrawing group (EWG) such as chloro, 
fluoro or nitro) to give isolable activated esters which are generated by activation of 
carboxylic acids with c^rbodiimide (for "the preparation of active esters^ Bodarisky, The 
Practice of Peptide Synthesis, (1984)). 




The linker compound is linked to an amine-terminated solid surface. 

The coupling reagent is an uronium or a phosphonium based coupling reagent which is 
only used for the in situ activation of A when Z = OH (for a review, Albericio et al., 
METHODS IN ENZYMOLOGY, 289, 104 (1997)). 1-Hydroxybenzotriazole esters which 
are generally too reactive to isolate, are probably the intermediates in the activation of A 
with such peptide coupling reagents (see the general formulas). Furthermore, it is also 
possible to generate these active esters by using carbodiimide (such as 
dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide (DIC) and 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)) and 1- 
hydroxybenzotriazole (HOBt) as system reagent 



General Formula III 




Interestingly, the methodology can also be applied to the polysulfonic acid derivatives. 
The derivatization reaction is achieved by applying either a solution (in an anhydrous, 
non-volatile aprotic solvent such as dimethylformamide (DMF), dimethylsulfoxide 
(DMSO), or N-methylpyrrolidone (NMP)) of reactive polycarboxylic acid derivative (A 
when Z * OH) or a mixture of free linker compound and coupling reagent (when Z = OH) 
to the amine-terminated solid surface (e.g., aminosilanated glass). Furthermore, the use 
of an excess of tertiary base (such as diisopropylethylamine (DIEA), triethylamine (TEA), 
N-ethylmorpholine (NEM) or N-methylmorpholine (NMM)) is essential for an efficient 
amidification. The reaction is typically conducted at room temperature for 30 minutes to 3 
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hours depending on the used mode of activation (nature of linker compound and 
coupling reagent) and results in the formation of one or two peptidic bonds between the 
amine-terminated surface and the polycarboxylic acid derivative. The active esters 
(especially the NHS derivatives) are prepared in good yields by using carbodiimide 
(DCC, DIC or EDC) as condensing reagent between polycarboxylic acid and the 
corresponding alcohol. 

The strategy outlined above permits the use of many different polycarboxylic acids. We 
have determined by screening a large number of chemicals that best results are 
obtained using the aromatic compounds described by the general formula I, especially 
benzene-1,3,5-triacetic acid (BTA) and benzene-1,3 t 5-tricarboxylic acid (trimesic acid, 
TMA): 




These benzene derivatives yield excellent results by providing carboxylated solid surface 
with good properties (high loading capacity, good electrostatic properties and hydrophilic 
character) which permit optimal immobilization and hybridization of nucieic acids." Such 
results can be explained by the specific geometry of these tricarboxylic acids. Indeed, 
the third C0 2 H group has a perpendicular orientation with regard to the two others. 
Consequently, only one or two C0 2 H groups is involved in the acylation of the surface- 
bound amino-groups and the others remain free for the covalent immobilization of 
biomolecules. Due to the increased tendency of the latter compound to hydrolyze, better 
results are obtained when upon conversion of aromatic acids into corresponding active 
esfers (especially ifrs WHS arid HGBL es&rs). Concerning the preparation of the iMHS 

~ CSL-;=L*T=»- ^KSSmmm m,m l ■ - ' , T — * = *», = , t », „ ,M i - -» -X — - 



with all the three carboxylic groups activated by NHS are poorly soluble in the non- 
volatile aprotic solvents (i.e., DMF). Limited solubility in the solvent of such activated 
molecules (precipitation) makes that they are not available anymore for the carboxylation 
of the glass surface. Consequently, the activation of one or two CO a H groups of BTA (or 
TMA) seems to be the best strategy to achieve a clean and efficient chemical 
modrfication of the amine-terminated solid surfaces. Eventually, in situ activation of BTA 
(or TMA) by an uronium or a phosphonium based coupling reagent (such as 
benzotria2o|.1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP)) may 
be used, which is less time-consuming than the protocols relying on synthesis of 
corresponding active esters (NHS and related compounds). 

Carboxylation of the solid surface usually relies on direct application of a mixture of 
tricarboxylic acid (BTA or TMA), BOP (NHS, or related coupling reagents) and tertiary 
base to the amine-terminated solid surface. After washings with anhydrous solvents the 
resulting carboxylated solid surface may contain some residual carboxylic groups in the 
"active- form. Consequently, reactions with various functional groups (amines thiols 
alcohols, phenols) of organic molecules, biomolecules, and others, may be possible 
wthout further carboxylic acid activation step. On the contrary, a short hydrolysis (with 
aqueous sodium bicarbonate) of the surface, immediately after the carboxylation 
reaction, provides a sodium carboxylate layer (highly hydrophilic), able to react with 
certain organic molecules, or biomolecules. only in the presence of a suitable coupling 
reagent 

According to the present invention a method for preparing the linker compound 
compnsing preparing the compound in a manner known per se is provided. 



The present invention further provides a method for modifying an amino-terminated 
surface of a solid support with carboxy groups, preferably the solid support is glass a 
polymer, a metal, a semiconductor or an insulator, particularly preferred the surface is an 
amine-terminated siloxane surface, comprising the steps of: 



a) providing an amino-terminated surface; and 
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b) contacting the surface with a compound according to any of claims 1 to 10 under 
conditions allowing the formation of an amide bond between a carboxy group of 
the compound according to any of claims 1 to 10 and the amino group of the solid 
surface. 

Preferably, a coupling reagent is present Further preferably, the coupling reagent 
comprises an uronium- or phosphonium-based coupling reagent 

The method according to claim 14, wherein the coupling reagent comprises benzotriazol- 
1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP). 

According to a preferred embodiment the coupling reagent comprises a carbodiimide, 
preferably the carbodiimide is dicyclohexylcarbodiimide, diisopropylcarbodiimide or 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride. 

According to a preferred embodiment in step b) an excess of a tertiary base is added, 
preferably the tertiary base is diisopropylethylamine, triethylamine, N-ethylmorpholine or 
N-methylmorpholine. 

Preferably, in step b) additionally hydroxycinnamic acid is added.— ..... 

Further preferably, in step b) the amount of the compound is limiting, preferably such 
that not all amino groups of the solid support are carboxylated. 

According to a further aspect of the present invention a carboxy-terminated solid surface 

obtainable by the msthod aceoraing to tha present invention i» provided.. 



a) performing the steps as defined above to obtain a carboxy-terminated surface of 
a solid support ; and 

b) contacting the amino-group containing substrate with the carboxy-terminated 
surface of the solid support of step a) under conditions allowing the formation of 
an amide bond between the carboxy group of the surface of the solid support and 
the amino group of the amino-group-containing substrate. 

Preferably, in step b) a coupling reagent as defined above is present Further preferably, 
in step b) a tertiary base as defined above is present Preferably, the amino-group 
containing substrate is derived from nucleotides, amino acids, sugars, oligomers or 
polymers thereof. 
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Experimental section 



1. Preparation of the di-succinimidyl ester of benzene-1,3,5-tricarboxylic acid 
(trimesic acid, TMA) (Compound 1). 

The following compound was prepared: 




Benzene^ ,3,5-Mcarboxylic acid (0.5 g, 2.38 mmol) and N-hydroxysuccinimide (0.822 g, 
7.14 mmol) were dissolved in 8 ml of dry THF. After cooling to 4°C with an ice bath, 
DCC (1.473 g, 7.14 mmol) was added immediately, leading to the precipitation of 
dicyclohexylurea (DCU). The reaction vessel was then brought to room temperature and 
stirred for 2 hours. The DCU solid was removed by filtration and washed with dry THF (2 
x 5 ml). The filtrate was concentrated to afford the desired compound as a white foam 
which was subsequently dried under high vacuum (0.508 g, yield 53%) and stored under 
an argon atmosphere. The structure of Compound 1 was confirmed by electrospray 
mass spectrometry(ESI-MS): m/z 402.86 [M-H]\ The moderate yield of the Compound 1 
may be explained by the formation of the tri-succinimidyl ester of TMA (Compound 2) 
which precipitates with the DCU solids. 
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Compound 2 has the following structure: 



o^o 



O 



As mentioned above, an alternative strategy is the preparation of Compound 1 
immediately prior to use without its isolation from the crude reaction mixture. THF is 
replaced by DMF, the latter being a suitable solvent for the carboxylation reaction. 



2. Preparation of the di-succinimidyl ester of benzene-1,3,5-triacetic acid (BTA) 
(Compound 3). 

The following compound was prepared following the general synthetic procedure given 
above for TMA : 




ester of BTA (Compound 4) is removed by centrifugaton (or filtration) since it usually 
precipitates with the DCU solids. 




3. Conversion of surface terminated with an amine functionality to a surface 
terminated with the carboxylate functionality (DCC/NHS/DIEA protocol). 

Main steps in the preparation of carboxylated BTA glass are shown in Figure 1. 
A. Glass activation and aminosilanization 

Glass slides were first etched in a 1M NaOH solution, preferably in the presence of 
detergent (i.e., Hellmanexll), which resulted in highly hydroxylated glass surface 
Activated glass slides were then treated in an acid solution in water in order to remove 
hydrox.de anion. Some additional glass etching was done in 50% sulfuric acid solution 
in water. The protocol for glass activation as used here is similar to that reported by 
Adessi et al. 2000, except for the fact that the time of glass slide treatment in 1M HCI 
has been reduced from 12 h to 1h. Glass activation was done in 3 steps- i) 0 1% 
Hellmanexll/1M NaOH solution (1 hour), ii) 1M HCI solution, 1 hour, iii) 50% H 2 S0 4 (1 
hour). Activated glass slides were extensively washed following each activation 
treatment in Millipore quality water (5 min). Final wash of slides in water was followed by 
the.r rinsing in absolute ethanol, and drying in the dessicator for 20 minutes (under 
vacuum). Silanization of hydroxylated glass slides (a batch of 8 slides) prepared as 
described above was preferably done in the silanization tank containing 5% 3- 
aminopropyltriethoxylsilane solution in acetone (1 hour). Aminosilanized slides (ATS) 
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were then washed 3x in 100 ml of anhydrous acetone (5 minutes per wash, mild 
shaking), rinsed with ethanol and dried under the stream of N 2 . ATS slides should be 
stored in the dessicator under vacuum before further use. 



B. The synthesis of tri-succinimidyl ester ofBTA and carboxylation of ATS glass slides 
BTA (60.5 mg, 0.24 mmol) and N-hydroxysuccinimide (99.4 mg. 0.86 mmol) were 
dissolved in 1 ml of dry DMF and DCC (149.6 mg, 0.725 mmol) was added immediately, 
which resulted in the precipitation of DCU. The reaction vessel was stirred at room 
temperature for 2 hours. The DCU solid was removed by centrifugation (10000 rpm for 5 
minutes) and a solution of DIEA (34.2 ul, 0.20 mmol) in dry DMF (0.965 ml) was added 
to the crude NHS ester mixture just before applying the solution the to aminosilanized 
ATS glass slides. 100 pi of the resulting solution was sandwiched between two ATS 
glass slides (32 ATS-silanized glass slides were carboxylated at once). Carboxylation of 
ATS slides was typically performed at room temperature for 3 hours. The glass slides 
were then washed successively with DMF and ethanol and dried with a stream of N 2 . 
Hydrolysis of the residual ester groups on the BTA glass surface was done in a glass 
flask containing 5% NaHC0 3l P H 8.8 (100 ml per 8 BTA glass slides) for 15 minutes. 
BTA-derivatized glass slides were then washed with deionized water, followed by wash 
in anhydrous ethanol and dried with a stream of N 2 . 

~ C Preparation of glass modified with mixed -COOH/-OH groups 
Procedure for the preparation of glass surface containing mixed -COOH/-OH groups is 
similar to that described in Section 3B of the Experimental Part, however, 4- 
hydroxycinnamic acid (HPA) is admixed to BTA solution, followed by DCC/DIEA- 
catalyzed coupling to the aminosilanized ATS glass in DMF. BTA: HPA ratio may be 
varied from 0 to 100% and resulting mixtures may be then applied between the two ATS 
slides in face-to-face configuration- Reaction time of 3 hours was typically kept as in the 
case ot BTA glass sliusas. Such -CCOH/-OH films srs sy.pscted to decrease the 
- , , ^ j - ,-!.- »?<- ei irv=ra rfav= v.~, i-i .-riT.n^tgtic ivos of interactions 

Str=-n r ,3U rOr 1 1 iviKUisraa- ji piigi-' «>■ -^. i -"- 



4. Conversion of surface terminated with an amine functionality to a surface 
terminated with the carboxyiate functionality (BOP/DIEA protocol). 

This conversion is achieved using TMA and BOP as coupling reagent. Five ATS- 
silanized glass slides prepared as above were reacted with a 50 mM solution of TMA 
(5.25 mg), a 250 mM solution of DIEA (21.4 pi) and a 50 mM solution of BOP in 0.5 ml of 
dry DMF for 30 min at room temperature. The glass slides are washed successively with 
DMF and ethanol and dried with a stream of N 2 . After hydrolysis in a glass flask 
containing 100 ml of 5% IMaHCOg (pH 8.8), TMA-derivatized glass slides were washed 
with deionized water and ethanol and dried with a stream of N 2 . 

5. Quality control procedure for the carboxyl-terminated solid surfaces. 

Coupling of sulforhodamine 101 sulfonylhexanediamine (Texas Red® derivative, 
Compounds 5a and 5b, a mixture of the two mono-sulfonamide isomers prepared using 
the synthetic procedure described in U.S. Patent No. 5,955,612) 

The staining method described herein relies on the immobilization of amine-containing 
dye on the carboxylated surface and allows to determine the degree of carboxylation of 
aminated solid surface. As mentioned above, the activation of the. surface carboxyl 
residues with a suitable coupling reagent C is essential. The choice of the experimental 
conditions depends critically on the dye solubility as well as on the chemical stability of 
the "active" carboxylated surface in a given solvent. With this aim in view, the following 
non-commercially available amino derivative of Texas Red (mixture of isomers) was 
synthesized from sulforhodamine 101 : 
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Compound 5A 



Compound 5B 



The latter compound is able to react selectively with C0 2 H groups on the solid surface 
previously activated by an uranium- or a phosphonium-based coupling reagent (such as 
BOP) in the presence of a tertiary amine (DIEA or TEA) in an anhydrous non-volatile 
aprotic solvent (DMF, DMSO or NMP). 

5A Staining of carboxvl-terminated slides with amino-Texas Red 

Eight BTA glass slides were reacted with a 0.7 mM solution of Compound 5 (Compound 
5A + 5B, 0.41 mg), a 2.1 mM solution of DIEA (0.3 pi) and a 0.7 mM solution of BOP 
(0.25 mg) in 0.8 ml of a mixture of dry DMSO/DMF. (9/1, v/v) for 1 hour at room 
temperature (in the absence of light). The glass slides were washed successively with 
—DMF- followed by wash in absolute ethane! and dried with a. stream of N 2 . 100 hI of. 
SxSSC solution was pipetted on each amino-Texas Red-stained glass slide and covered 
with microscope coverslip glass. The fluorescence was measured in SxSSC using the 
inverted microscope AXIOVERT 200M (ZEISS, Germany) equipped with the 20x 
objective and Xf43 filter (Omega Optical, USA). 

As shown in the Figure 3, the fluorescence intensity measured for Texas Red-stained 
BTA glass slides correlates well with the presence (or the lack) of carboxyl groups on the 

Gi3ss smmScsl Removal or ths physsscrbed Texas Red mc'sculss vrom the 
sminosilanizsd glass was. achieved in a. solution of high ionic strength (stirred WaCl, 



Procedure for the removal of the physisorbed Texas Red molecules. 
Amino-Texas Red-stained glass slides were rinsed with DMF, washed 2x in 100 ml 
DMF, rinsed by ethanol and dried under a stream of N 2 . Stained slides were then dipped 
in 1M NaCI (200 ml) solution and stirred overnight (magnetic stirring bar placed in the 
center of the flask). This led to the removal of the physisorbed dye molecules from the 
amine-terminated ATS slide. However, fluorescence signal for the stained BTA slides 
remained at -2100 a.u. (cf. Figure 3). This clearly indicates that amino-Texas Red 
reacted with the surface carboxyl groups and got covalently attached to the BTA glass 
surface. 

SB. Staining of amine- and carboxvl-terminated glass with NBD derivatives 
As discussed above, staining of carboxylated slides with amino-Texas Red introduces 
certain problems related to non-specific adsorption of the dye on the substrate surface. 
This is presumably due to strong electrostatic interactions between the partially ionized 
solid surface and charged Texas Red molecules in aqueous solutions. The latter 
renders washing of slides upon their staining relatively difficult, time consuming and, 
furthermore, Introduces certain slide-to-slide irreproducibility. 

Because of the above mentioned problems we have decided to search for a neutral 
(noivcharged) fluorescent dye which would not interact with charged surfaces as is the 
case of Texas Red, or some other dyes used for DNA and/or protein labeling. Among 
other alternatives, 4-fluoro-7-nitrobenzofurazan (NBD-F) has been chosen as the best 
candidate for staining of aminosilanized ATS slides (see Figure 4). On the other hand, 
ethylenediamine-NBD (NBD-NH 2 , Compound 6) has been selected for the staining BTA 
slides (see Figure 5). Figure 6 illustrates that fluorescence signal for ATS, respectively, 
BTA slides correlates with the presence or absence of the surface carboxyl, respectively, 
amino groups. Residual signal in the case of BTA staining by NBD-F (Fig. 6A, negative 
control) may be explained as due to dye adsorption on aromatic residues within the BTA 
film. Non-specific fluorescence signal in the case of BTA slides has been shown to 
diminish upon a short (2 minutes) sonication of stained slides in DMF followed by 
ethanol wash. On the other hand, fluorescence intensity measured on ATS-NBD slides 
did not change following such sonication. Our staining experiments indicate that both 
NBD derivatives are ideally suited as Quality Control tool to follow batch-to-batch 
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reproducibility of aminosilanization and carboxylation of glass slides. While in the case 
of ATS staining NBD-F is commercially (Fluka), amino derivative of 4-fluoro-7- 
nitrobenzofurazan (NBD-NH 2 ) was synthesized according to the following procedure. 



Preparation of the Compound 6 

The following compound was prepared : 



Ethylenediamine (206 Dl, 3.07 mmol) was mixed in a 10 ml flask with 0.3 ml of dry DMF 
at 4°C. A solution consisting of 5.63 mg of NBD-F (0.03 mmol) in 0.1 ml of dry DMF 
(added dropwise over 5 minutes). The resulting reaction mixture was stirred at room 
temperature, in the absence of light, for 2 -h. The. solvents were then evaporated usjng 
the pump to dryness. The resulting orange oily residue was purified by chromatography 
on a silica gel (10 g) column with a step gradient of methanol (0 to 30%) in 
dichtoromethane as the mobile phase. The appropriate fractions were pooled and then 
concentrated to dryness giving 2.56 mg of compound 6 as an orange solid (yield of 
37%). TLC (CH2CI2/CH3OH 80/20 v/v) R ( 0.33 (compound 6), 1.00 (starting material, 
NBD-F) ; WIS (ES*) m/z 245.64 (M+Naf, 223.71 (M+H) + . 




N0 2 



Staining of the aminosilanized ATS slides with NBD-F 

This protocol describes the quality control procedure that allows to follow batch-to-batch 
reproducibility of glass aminosilanization based on the reaction of 4-fluoro-7- 
nitrobenzofurazan (NBD-F) (Fluka, #47140) with the amine-terminated ATS glass. 
Fluorescence intensity of NBD-stained ATS slides is expected to correlate with the 
surface concentration of amino groups on the glass surface. 

Eight ATS-silanized glass slides are reacted with a 2.7 mM solution of NBD-F (0.26 mg) 
and a 5.5 mM solution of DIEA (0.5 pi) in dry DMF (100 pi for two slides placed face to 
face) for 1 hour at room temperature (in the absence of light). NBD-stained glass slides 
were then washed successively with DMF and ethanol and dried with a stream of 
nitrogen. The fluorescence was measured in the air using the inverted microscope 
AXIOVERT 200M (ZEISS) equipped with the 20x objective and Xf43 filter (Omega 
Optical, USA). 



Staining of carboxyl-terminated glass slides with NBD-NH 2 

The efficiency of the carboxylation of aminosilanized glass slides may be checked using 
the control procedure based on the coupling of amino derivative of 4-fluoro-7- 
nitrobenzofurazan (NBD-NH 2 , Compound 6) to carboxyl groups on the glass surface 
activated with peptide coupling reagent BOP (benzotriazol-1- 
yloxytris(dimethylamino)phosphonium hexafluorophosphate Fluka, #12802) in the 
presence of a tertiary amine N.N-diisopropylethylamine (DIEA). The below described 
protocol allows to follow batch-to-batch reproducibility of glass carboxylation (staining of 
8 carboxyl-terminated BTA slides). 

Four BTA slides labeled #1-4 were placed on a clean glass support (17x14 cm glass 
plate). Two glass cylinders (4 mm in diameter) were placed under the slides at both 
extremities (in a form of rails) in order to avoid staining of slides on both sides. 
0.34 mg NBD-NH 2 was weighed in the dark Eppendorf tube and dissolved in 600 pi 
DMF. 0.78 pi DIEA was then added and the resulting solution (solution A) was briefly 
vortexed. 0.67 mg BOP was weighed in another Eppendorf tube and dissolved by brief 
vortexing in 200 pi DMF (solution B). Solutions A and B were then mixed together and 
shortly vortexed (solution C). The solution C contained: 
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800 pi DMF 
0.78 pi DIEA 
0.67 mg BOP 

0.34 mo NBP-NH? (Compound 6) 

800 pi 1.9 mM NBD-NH 2 (1 eq.)/ DIEA (3 eq.)/BOP solution in DMF 

100 pi of solution C were pipetted immediately on slide #1 and spread by placing the 
slide #2 on top of it The same procedure was repeated for the slides #3-8. The staining 
reaction was let to proceed for 60 minutes in the absence of light. The glass slides were 
then washed successively with DMF and ethanol, dried with a stream of N 2 and kept 
under vacuum for at least 20 minutes (avoid aqueous solutions since NBD fluorescence 
is strongly quenched in the presence of water). The fluorescence for NBD-stained slides 
were taken in the air using the inverted microscope AXIOVERT 200M (ZEISS, Germany) 
equipped with the 20x objective and Xf43 filter (Omega Optical, USA). 

6. Covalent coupling of 5' NH 2 -C 6 -DNA to carboxyl-terminated BTA glass. 
Main steps in the grafting of the S'-aminated DNA to carboxylated BTA glass surface 
catalyzed by carbodiimide/methylimidazole are shown in Figure 2. Hybridization of 
Texas Red-labeled DNA (24-mer) having complementary sequence to grafted DNA and 
specificity of surface hybridization are illustrated in the Figure 7. Figures 7-8 show that 
hybridization signal decreases with decreasing DNA concentration in the grafting mix. 
The -saturation coverage for grafted DNA primer on BTA glass was attainedfollowing the. - 
1h grafting at 50 °C for the bulk concentrations of DNA exceeding 1 pM (Figure 8). 
Figure 9 shows that the hybridization signal obtained on BTA slides, which reflects high 
surface coverage by DNA primers, is significantly higher as compared to that obtained 
on phenylene isothiocyanate slides (PDITC #1-4) prepared according to US patent 
6,319,674 and AJ. Thiel et at., Anal. Chem., 1997, 69:4948-4956), or that obtained on 
commercial carboxyl-terminated slides CAB-25C from GEL Associates, USA (CAB #1-4). 

Grafting Protocol: 



same side of the well was touched each time) and each well was washed 3 times with 
0.1X SSC-0.1% Tween, and 3 times with 5X SSC solutions (1 minute each wash) 
Glass slides were gently shaken for 10 seconds at the end of each wash. 



7. Solid phase amplification of DNA on BTA glass and formation of DNA colonies. 

Solid phase DNA amplification according to PCT publications WO 98/44151 and WO 
00/18957 requires covalent grafting through the 5' amino linkage of the two primers P1 
and P2 (typically 20-30 nt) and larger in size (several hundred base pairs) DNA template 
SiyiHrP1-X-mvP2 (X = variable sequence). DNA template contains at its 3' end a 
complementary sequence (revP2) to one of the primers. Solid phase amplification of the 
DNA template on a solid surface involves: i) denaturation of the template DNA ii) 
annealing of its 3' end to P2 primer, Hi) X-templated extention of the/? end of P2 by 
thermostable DNA polymerase (i.e., by Taq polymerase) and formation of P2-revX- 
revPl strand in a single amplification cycle. Under classical thermocycfing conditions 
(typ.cally 20-40 amplification cycles), both of the strands, namely, P1-X-revP2 and P2- 
revX-revP1 undergo denaturation, surface annealing and extention making use of both 
of covalently attached primers. In a process, the surface concentration of free DNA 
pnmers P1 and P2 diminishes while that of the template DNA increases. The amplified 
DNA template forms during the solid-phase amplification process well separated islands 
(several micrometers in size) called DNA colonies. The surface amplification of large 
number of co-grafted DNA templates having variable sequence X but primer- 
complementary sequence at their 5', respectively, 3' ends (as discussed above) allows 
format™ of DNA colonies representing each template sequence. It is important in this 
respect that arching of the template DNA during the solid-phase DNA amplification 
requ,res relatively high surface densities of grafted primers (primer-to-primer spacing 
close to 10 nm). Such high densities of primers were achieved on BTA glass prepared 
as described in the previous sections. 

Figure 10 shows fluorescent image taken for double-stranded DNA colonies stained by 
SYBr Greenl (intercalating agent) prepared on carboxylated BTA glass. DNA primers 
and template DNA were grafted in BTA-carboxy.ated channels of the microfluidic device 
from 40 mM EDC/Melmz solution (50 "C/30 minutes). Ratio between the grafted primers 
and template DNA (p/T) was kept 1:2000. DNA was amplified on BTA surface in a 40 
amplification cycles using Taq DNA polymerase under conditions specified in the Figure 
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10. The surface concentration of template DNA is increased under the latter conditions 
by ca. 1000-fold. 
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<400> 1 

tttttttttt caccaaccca aaccaaccca aacc 



<210> 2 
<211> 33 
<212> DNA 

<213> artificial sequence 
<220> 

<223> Primer 10T-P2 
<220> 

<221> source 
<222> (1)..(33) 

<223> /note="synthetic construct" 
<400> 2 

- . tttttttttg aggaaaggga-agggaaagga agg. 

<210> 3 
<211> 24 
<212> DNA 

<213> artificial sequence 



<221> source 
<222> (1)..(24) 

<223> /note="synthetic construct" 
<400> 3 

ggtttgggtt ggtttgggtt ggtg 

<210> 4 
<211> 24 
<212> DNA 

<213> artificial sequence 
<220> 

<223> Primer Reverse-P2-Texas Red 
<220> 

<221> source 
<222> (1)..(24) 

<223> /note="synthetic construct" 
<400> 4 

ccttcctttc ccttcccttt cctc 
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Claims 2 5. SeP ' 



A compound of the general formula (I): 




Ra 
(0 

wherein at least three of Ri to R 6 are, independent from each other, selected 
from 

-(CH 2 )n-(C=0)-X-Y-Z, and the remaining R groups are H; or Ri and R 2 form a 
ring, preferably an anhydride; 

X is a group selected from C1-C10 alkyl, C1-C10 alkenyt, a Ca-Cs cycloalkyl, aryl, 
heteroaryl, or a polyethylene glycol chain of the general form (CH 2 -CH2-0) m , 
wherein m is an integer from 1 to 450, or X is a bond; 

Y is a carbonyl group, or a bond; 

Z is OH or an electron withdrawing group; and 

n is an integer from 0 to 10. 



Compound according to claim 1, wherein for the at least three of Ri to R 6 n=0, 
and the remaining R groups are H, preferably, the at least three of R-, to Rq are 
Ri. Raand R 5 . 
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3. 



Compound according to claim 1 , wherein for the at least three of Ri to R 6 n=1 , 
and the remaining groups are H, preferably, the at least three of Ri to Re are R 1f 
R 3 and Rs. 



Compound according to claim 1 , wherein for each of the at least three of R t to Re 
n is an integer from 2 to 5, and the remaining groups are H, preferably, the at 
least three of Ri to Re are Ri, R3 and R 5 . 

Compound according to any of claims 1 to 4, wherein Z is a leaving group, 
selected so as to make an activated derivative of carboxylic acid. 

Compound according to claim 1 . wherein the compound is of the general formula 
(II): 



7. Compound according to any of claims 1 to 5, wherein Z is a halogen atom 
selected from F, CI and Br. 

s Compound according to claim 7, wherein is selected from phenol substituted by 




O, 



9. 



Compound according to claim 8, wherein Z is selected from: 



O-N 




SQ 3 Na 



EWG 



wherein EWG is an electron withdrawing group. 



10. Compound according to claim 2 or 3, wherein the compound is trimesic acid or a 
mono- or di-succinimidyl ester thereof, or the compound is benzene-1,3,5- 
triacetic acid or a mono- or di-succinimidyl ester thereof. 

11. A method for preparing the compound according to any of claims 1 to 10 
comprising preparing the compound in a manner known per se. 

12. A method for modifying an amino-terminated surface <?f a solid support with 
carboxy groups, preferably the solid support is glass, a polymer, a metal, a 
semiconductor or an insulator, particularly preferred the surface is an amine- 
terminated siloxane surface, comprising the steps of: 

0} providing an amino-terminated surface; and 

6) contacting the surface with a compound according to any of claims 1 to 10 under 
conditions allowing the formation of an amide bond between a carboxy group of 
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the compound according to any of claims 1 to 10 and the amino group of the solid 
surface. 

13. The method according to claim 12 wherein a coupling reagent is present 

14. The method according to claim 13, wherein the coupling reagent comprises an 
uronium- or phosphonium-based coupling reagent 

15. The method according to claim 14, wherein the coupling reagent comprises 
benzotriazoH-yloxytris(dimethylamino)phosphonium hexafluorophosphate 
(BOP). 

16. The method according to claim 13, wherein the coupling reagent comprises a 
carbodiimide, preferably the carbodiimide is dicyclohexylcarbodiimide, 
diisopropylcarbodiimide or 1-(3-dimethylaminopropyl)-3-ethylcart>odiimide 
hydrochloride. 

17. The method according to any of claims 12 to 16, wherein in step b) an excess of 
a tertiary base is added , preferably the tertiary base is diisopropylethylamine, 
triethylamine, N-ethylmorpholine or N-methylmorpholine. 

18. The method according to any of claims 12 to 17, wherein in step b) additionally 
hydroxycinnamic acid is added. 

18. The method according to any of ciairns 12 to IS.vvhsrsin In step b) th© amount of 
ite eornprur.s i^in-zrana piSfersfeiy ciscfc ihzz set -!! ^raina groups of the solid 



Carboxy-terminated solid surface obtainable by the method according to any of 
claims 12 to 19. 



A method for conjugating an amino-group containing substrate to an amino- 
terminated surface of a solid support comprising: 



performing the steps as defined in any of claims 12 to 19 to obtain a carboxy- 
terminated surface of a solid support ; and 



contacting the amino-group containing substrate with the carboxy-terminated 
surface of the solid support of step a) under conditions allowing the formation of 
an amide bond between the carboxy group of the surface of the solid support and 
the amino group of the amino-group-containing substrate. 



The method according to claim 21, wherein in step b) a coupling reagent 
defined in any of claims 13 to 16 is present 



The method according to claim 21 or 22, wherein in step b) a tertiary base as 
defined in claim 17 is present 



The method according to any of claims 21 to 23, wherein the amino-group 
containing substrate is derived from nucleotides, amino acids, sugars, oligomers 
or polymers thereof . 



38 



EPO - Munich 
74 

2 5. Sep. 2003 

Abstract 



This invention provides a new method of obtaining a high density, reproducible and 
uniform coverage of a solid surface, compounds suitable for such a method and 
methods of preparing such compounds. This invention further relates to methods of the 
chemical modification (carboxylation) of solid surfaces and their subsequent use for the 
attachment of amine-containing molecules including DNA, proteins and other polymers. 



39 



1/11 



OH 



OH 
I 



r 



glass 



Activated glass 



(EtO)3-SKCH 2 )3-NH2 



- Munich 
74 



2 5. Sep. 20fl3 



HO 



Ho' 



HO-^SI xSi— OH 



I LJ H ° 



? 




ATS glass 



active ester BTA(NHS)2COOH 




-o^oh N ■^f- 0 'S\ ^ 

-A * T ' ' 



BTA glass 
(upon hydrolysis of NHS residues) 



Figure 1: Main steps in the preparation of BTA glass 
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Figure 3. Fluorescence signal due to the covalent coupling of the amino-Texas Red 
carboxyl-terminated BTA slides. 
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Staining of ATS with NBD-F 
{BTA =5 negative control) 
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Rgure 6: Example of staining of aminosilanized (ATS) slides with 4-fluorn 7 
ratrobenzofurazan (NBD-F) and of BTA slides with n u o 4 -™«w>-7- 
„ n , y suaes with (7-nitrobenzo-2-oxa-l 3-dia7:nI_d_ 

yOethylenediamane (NBD-NH 2 ) with corresponding negative controls . 
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Primer concentration 



Figure 7: Three successive hybridizations (A. B, D) of the T ™^?>°™™™^ 
primer (500 nM) shown for various bulk concentrations of 5'amino-10T-Pl primer (34-mer) 

grafted on BT A glass. 
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Figure 8: Concentration dependence for the grafting of 5'amino-10T-P2 primer (34-mer 
BTA glass. 
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Figure 9. Hybridization signal for S'-amino-Pl primer grafted on: 

A) BTA glass (BTA #1-4, black) B) aminosilanized slides reacted with phenylene 
isothiocyanate (PDITC #1-4, stripes) and C) commercially available carboxyl-terminated 
slides CAB-25C from CEL Associates (CAB #1-4, white). 
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